The influence of low-intensity resistance training with slow lifting and lowering (slow training) on vascular function is unknown. The present study investigated the effects of slow training on vascular function. This study demonstrated that low-intensity slow training exerts beneficial effects on vascular function.
Both aerobic and resistance training are physical activities that can prevent or treat lifestyle-related diseases. However, in contrast with the favorable effects of aerobic exercise, high-intensity resistance training may negatively affect vascular function. 1, 2 Arterial blood pressure during high-intensity resistance exercise can increase to 320/250 mm Hg. 3 An extremely high blood pressure increase brings about an decrease of elastin and an increase of collagen, which regulates the elasticity of the artery. Therefore, such substantial increases in arterial blood pressure during resistance training have historically been considered factors involved in arterial stiffening. 2 On the other hand, low-intensity (40-50% of one repetition maximal (1RM)) slow training increases muscular size and strength. 4 Moreover, because it suppresses increases in blood pressure, 4 low-intensity slow training probably does not unfavorably influence vascular function. That is, it is plausible to hypothesize that low-intensity slow training might exert a favorable influence on vascular function. Accordingly, the present study investigates the effects of slow training on arterial stiffness and vascular endothelial function.
The participants in this study were 19 healthy non-smoking men (aged 19.4 ± 0.2 years) who were not actively involved in regular physical exercise. The subjects were randomly assigned to training group (n ¼ 10) and sedentary group (n ¼ 9). The potential risks were explained to all subjects in detail, and they provided written informed consent before the experiment.
Brachial-ankle pulse wave velocity (baPWV) was measured using automatic oscillometric device (formPWV/ABI; Omron-Colin Co. Ltd, Komaki, Japan). baPWV was measured at rest in the supine position with sensory cuffs wrapped around both brachials and ankles. The cuff, which was wrapped around both arms and ankles, was connected to a plethysmographic sensor to determine volume pulse form and to an oscillometric sensor to measure blood pressure.
Brachial artery flow-mediated dilation (FMD) was assessed non-invasively. Briefly, once the basal measurements were obtained, arterial occlusion was created by inflating a cuff placed on the forearm to 240 mm Hg for 5 min. After 5 min inflation, the cuff was deflated, producing a brief high-flow state resulting in artery dilatation due to increased shear stress. FMD was calculated as the percentage increase in brachial artery diameter from the resting state (DB, for basal diameter) to maximal dilatation (DM, for maximal diameter).
The brachial artery diameter and brachial mean blood velocity (MBV) were imaged using a B-mode ultrasonography and a 7.5-MHz convex probe (SonoSite 180PLUS; SonoSite Inc., Washington, DC, USA) at a location 37 cm above the antecubital fossa. Brachial artery diameter was measured from longitudinal images with lumen-intima interface visualized on both (anterior and posterior) walls. Pulsed Doppler measurements for measuring brachial MBV were performed with the sample volume placed in the mid-artery. Brachial MBV measurements were performed with the insonation angle o601 and were corrected for the insonation angle. Brachial artery blood flow (BF) was calculated as follows: brachial BF ¼ MBV Â circular area Â 6 Â 10 4 . Low-intensity slow training was conducted two times weekly for 8 weeks. The training program included chest press, arm curl, lateral pull down, seated row, shoulder press, leg extension, leg curl, leg press and sit-up. Before the start of training, 1RM in all items was measured. The load was set to 40% of 1RM. Training was conducted by 5 sets of 10 repetitions. The subjects performed 1 set of 10 repetitions with 3 s eccentric (lowering phase) and 3 s concentric (lifting phase) muscle actions.
Data were analyzed by two-way analysis of variance (group Â period). Statistical significance was set at Po0.05. Increases of 1RM were observed in the all training programs. Table 1 shows experimental results. baPWV after slow training had significantly reduced from baseline (Po0.05). Moreover, baPWV significantly reduced after slow training in the training group compared with the sedentary group (Po0.05).
%FMD after slow training had significantly increased from baseline (Po0.05). Moreover, %FMD significantly increased after slow training in the training group compared with the sedentary group (Po0.05).
Brachial artery diameter, MBV and BF after slow training had significantly increased from baseline (Po0.05). Moreover, brachial artery diameter, MBV and BF significantly increased after slow training in the training group compared with the sedentary group (Po0.05). These values in the training group were returned to the baseline level by detraining. These values in the sedentary group did not differ before and after training and after detraining.
During bouts of resistance exercise, arterial blood pressure can increase up to 320/250 mm Hg. 3 On the other hand, slow training suppresses increases in blood pressure. 4 The results suggest that different training protocols (normal vs slow) result in different blood pressure responses. Extremely high blood pressure increases cause decreases in elastin and increases in collagen, which regulates the elasticity of the artery. Normal resistance training is a powerful stimulator of sympathetic nervous system activity, which might intensify vasoconstriction through a sympathetic adrenergic vasoconstrictor effect. 5, 6 Although muscle sympathetic nerve activity was not measured in this study, sympathetic nervous activity during low-intensity slow training might reduce arterial stiffness by providing restraint on the arterial wall through sympathetic adrenergic vasoconstrictor tone.
Moreover, nitric oxide (NO) bioavailability might increase. Arterial compliance is significantly modulated by endothelial function, and general resistance training does not improve this important function. 7 Under normal circulation, continuous force generation at 40% maximal voluntary contraction suppresses both blood inflow to and outflow from muscle due to an increase in intramuscular pressure, which causes intramuscular hypoxia. 8 Accordingly, NO production in muscle might be enhanced via hypoxia induced by low-intensity slow training. The production of NO in muscles accelerated by hypoxia has antiatherosclerotic effects. 9 That is, low-intensity slow training might have contributed to the increase in arterial distensibility in the present study because of NO production stimulated by muscle hypoxia. In addition, another mechanism might also contribute to the observed increase in BF. Our findings indicated that low-intensity slow training is associated with increased BF, which exerts a beneficial effect upon vascular endothelial function in young healthy men. Furthermore, arterial expansion seems to relate to structural remodeling or reduced vascular smooth muscular tone and helps to decrease peripheral arterial stiffness. 10 Thus, slow training might be useful as a therapeutic modality to enhance resistance vessel function. Further studies are required to determine the physiological mechanisms underlying the influence of slow training on vascular function.
One recent study has suggested that FMD and the brachial artery diameter have similar predictive values for cardiovascular events in older adults.
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The bioavailability of NO, which is assayed as brachial FMD, is associated with cardiovascular health. 12 Moreover, a previous study found not only that the brachial artery diameter is predictive of Research Letter cardiovascular events but also that its predictive value was similar to that of brachial FMD. 11 Allen et al. 12 reported that aerobic exercise is related to regional endothelial function, which favorably responds to exercise training. Therefore, the present findings extend these results from endurancetrained individuals to those who perform slow training. Habitual slow training might contribute to a lower incidence of cardiovascular disease through exerting a favorable influence on vascular function.
In conclusion, the present findings indicated that low-intensity slow training improves vascular function.
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